OBJECTIVE: Due to the fact that obesity is de®ned as excess of body fat mass, we tested the hypothesis whether the body mass index (BMI) can be used as a valid measure for the detection of the degree of obesity in individual obese children and adolescents. METHODS: A total of 204 obese children and adolescents (105 boys, 99 girls) aged 6 ± 17 y, using total body electrical conductivity (TOBEC) for fat measurement, were included into this study.
Introduction
There are many facts that make it necessary to have a thorough look at the subject of childhood obesity. The dramatic rise in the prevalence of obesity in European countries and the USA has become a major health concern. 1, 2 Childhood obesity is linked to obesity in adulthood and furthermore it is associated with increased mortality, coronary heart disease, hypertension, dyslipidemia and diabetes mellitus. 3 ± 8 Thus, the importance of achieving a reliable and accurate estimate of body fatness is essential not only for the prevention but also for the treatment of overweight in children and adolescents.
Until now there has been no consensus with regard to the de®nition and classi®cation of obesity in childhood and adolescence. 9 So far the most widely used reference criteria have been based on the US National Center for Health Statistics (NCHS).
Obesity in the pediatric age group has been de®ned as an increase of total body fat out of proportion to other tissues. 10 The most common estimate of body composition in adult populations is the body mass index (BMI: body weight (kg)aheight 2 
(m 2
. It is a measure of weight with a low correlation to height.
In the past few years there have been several attempts to introduce the BMI into the pediatric age group as well, despite the disadvantage of its age-and sex-dependency, because it could represent a continuum of indices from childhood to adult life. 9 The BMI is considered to be a simple parameter to de®ne obesity. 11, 12 However there is a lack of data showing that the BMI is able to de®ne obesity, based on its de®nition, for the whole pediatric age group.
Objective
Because obesity is de®ned as excess of body fat mass, we tested the hypothesis whether the BMI can be used as a valid measure for the detection of the degree of obesity in individual obese children and adolescents.
Methods

Subjects and protocol
To test this hypothesis 204 obese (above the 95th percentile, according to the percentiles of Rolland-Cachera et al
13
) but otherwise healthy children and adolescents aged 6 ± 17 y were included in this study. All subjects were white Austrians and came to the Obesity Outpatient Clinic at the Department of Pediatrics University of Vienna because of overweight problems. Most of them came of their own volition, some were referred by school doctors, pediatricians or family doctors. Anthropometric and body composition measurements were performed on the same day.
Anthropometrical and body composition measurements
Anthropometrical and body composition measurements were performed by two experienced examiners. Height was measured with a ®xed stadiometer (Holtain Ltd, UK), and weight was measured without shoes and heavy clothing on a standard clinical scale (Seca, Hamburg) to the nearest of 0.1 kg and 0.1 cm, respectively.
Body composition measurement by means of total body electrical conductivity (TOBEC) is a noninvasive, wellestablished method for the assessment of body composition without any radiation exposure. 14 The TOBEC instrument (EM-Scan, Inc., Spring®eld, IL, model HA-2) consists of a chamber surrounded by a solenoidal coil driven by a 2.5 MHz radio frequency generator to produce a uniform electromagnetic ®eld within the open-air core. When a conductor (in this case a patient) is placed within the core, it will interact with the external electromagnetic ®eld, resulting in an energy loss for the outer coil which can be measured and is called the TOBEC number (E). According to calibration equations for different age groups, which have been extensively validated by Van Loan et al, the following two equations were used to derive an estimate for body fat mass in our study group:
Two TOBEC scans of the whole body were performed and averaged for each subject. Fat mass was calculated as: Fat mass (kg) body weight (kg) 7 fat-free mass (kg). Percentage body fat was calculated as: PBF (fat massabody weight) Â 100. The s.e.e. for the prediction of FFM as measured by TOBEC averages about 2.2 kg (range 1.5 ± 3.0 kg), which translates to 4% uncertainty for PBF.
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Statistical analysis Percentiles were calculated for the description of the sample. Student's t-test was applied for comparison of age, weight, height, PBF and BMI between girls and boys. Pearson correlation coef®cients were used to assess univariate association among PBF, BMI and age. Multiple regression analysis was performed with PBF as dependent variable and BMI, age and sex as independent variables. First-and second-order interaction terms were also included. Furthermore, BMI 2 was added to the model. Since all interaction terms showed signi®cant in¯uence on PBF, regression analysis for PBF on BMI was performed separately for girls and boys, where each sex group was divided into two age groups (age`10 y and age ! 10 y, respectively). In addition BMI 2 was included in the model for girls`10 y of age to test for nonlinearity.
The SAS 1 statistical software system was used for computation. A P-value`0.05 was considered to indicate statistical signi®cance.
Results
Characteristics of study sample
The mean value and standard deviation of age, weight, height, PBF and BMI are shown in Table 1 . Boys and girls younger than 10 y differed signi®cantly in weight and BMI.
Correlation analysis BMI and PBF were observed to be positively correlated (overall: r 0.65, P`0.0001) (Figure 1 ) both in boys (r 0.63, P`0.0001) and girls (r 0.68, P`0.0001).
19 BMI was also correlated with age (overall: r 0.43, P`0.0001; boys; r 0.33, P`0.0006; girls: r 0.54, P`0.0001). However the association between PBF and AGE was not signi®cant (overall: r 0.10, P 0.154; boys: r 0.01, P 0.894; girls: r 0.19, P 0.061).
Terms of interaction
Multiple regression analysis with PBF as dependent variable and BMI, age and sex as independent variables and the ®rst-and second-order interaction terms reached an r 2 of 0.57. This means that approximately 57% of the variance of PBF can be explained by the independent variables. The main effects BMI (P`0.0001) and sex (P`0.0002) showed a signi®cant in¯uence on PBF. Age (P 0.053) was only borderline signi®cant.
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The P-value of the ®rst order interaction BMI Â sex (P 0.022) and BMI Â age (P 0.014) indicates that the association between fat and BMI has a different pattern for boys and girls and different levels of ages. The interaction between BMI Â age Â sex (P 0.0145) also reached signi®-cance. Inclusion of the quadratic term BMI 2 (P`0.001) in the model improved r 2 only slightly to 0.59 with the interaction still being highly signi®cant. Therefore subgroup analyses were performed.
Subgroup analyses
The results of the four regression analyses for PBF on BMI are presented in Table 2 . The results reveal a strong association between PBF and BMI (P`0.0001) for boys younger than 10 y, with BMI explaining 73% of the variance of PBF. However, for boys 10 y or older, the association between BMI and PBF, although still signi®cant, is observed to be weaker, with BMI explaining only 27% of the variance of PBF (Figures 2 and 3) .
The results for girls are very similar to those of boys. For girls younger than 10 y of age the association between PBF and BMI (P`0.0001) is rather strong (r 2 0.63). For girls (Figures 4 and 5) . Since the scatter plot for girls younger than 10 y of age suggests a curvilinear association between PBF and BMI, the quadratic term BMI 2 was included in the model. The results are also given in Table 2 . Addition of BMI 2 only improved the r 2 from 0.63 to 0.71 in the group of girls younger than 10 y. In the other groups it did not show any improvement. 
Discussion
In the present study carried out in a remarkably large sample of obese children and adolescents it can be demonstrated that the BMI of boys and girls aged younger than 10 y explains 73 and 63% of the variance of PBF. A rather poor explanation of variance has been observed in children aged older than 10 y (boys 27%, and girls 38%). These data indicate that the BMI is not a reliable measure for the determination of body fat in the individual obese pediatric patient. 
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A further goal of this study was to investigate whether age and sex contribute to the prediction of fatness. By means of correlation (BMI and sex, BMI and age), it was demonstrated that the association between PBF and BMI is different for boys and girls and changes with age. There is an increase of PBF with increasing age, and boys have a lower fat content than girls.
In the pediatric age group the BMI seems to be an inaccurate measure for the estimation of weight, without considering body composition. The BMI itself does not contribute to the de®nition of overweight or obesity, but through de®ning relative overweight the use of BMI might form a continuum of index from childhood to adult life for epidemiological purposes.
The predictive value of childhood BMI for overweight at age 35 y, de®ned as BMI b 28 for men, and b 26 for women, has been reported to be excellent at age 18, good at age 13, and moderate at ages below 13 y. 6 For the German-speaking countries age-speci®c percentiles for boys and girls aged 10 y or older have been presented by Von Heye Coners et al. As cut-off point for screening for adiposity he recommended the 85th percentile. 20 Different cut-offs have been recently presented. Another German group recommended the 75th percentile because it was the most appropriate cut-off value to screen for the 15% most obese patients by PBF. 21 Thus, even on a national basis there is still no consensus for the appropriate cut-off points.
For that reason it has been emphasized that additional research is needed to identify BMI cut-off points throughout childhood and adolescence. These efforts could lead to a greater sensitivity, speci®ty and predictive value for adult obesity and the associated health problems. Further, anthropometrical, physiologic and psychological factors have to be included to augment the use of BMI for the identi®cation of the most appropriate children for treatment. 22 The BMI seems to be a convenient and easy method, as it is easily calculated from weight and height, which are routinely measured in the clinical setting. Its reliability refers to the reproducibility of measurement, although it is considered to be a highly speci®c, but relatively insensitive test for fatness. 23 The correlation of BMI to PBF has been described differently in other studies. 24 In this study in obese young subjects the overall correlation of BMI and PBF was signi®cant (for all, r 0.65; girls, r 0.68, boys, r 0.63), which is almost identical to the results presented by Pietrobelli et al in normalweight children and adolescents. 25 In our study the degree of obesity was far beyond the 95th percentile of BMI. Thus a possible age-or maturation-dependent change of body composition could not in¯uence the description of the amount of obesity. Therefore we divided the sample into children attending primary school and childrenaadolescents attending high-school, according to age.
It is an interesting phenomenon that both healthy and obese children and adolescents of the same age, sex and BMI showed a wide range of different individual values of PBF. This fact clearly demonstrates that the reliability to the BMI ± fatness association is restricted.
Body fat can be determined from the difference between body weight and fat-free mass (FFM). There are various methods of estimating FFM, including anthropometry and hydrodensiometry, 40 K spectrometry and TOBEC. The measurement of body composition using TOBEC is quick, allowing for the study of large numbers of subjects. The instrument (HA-2) has been commercially available since 1989. At present TOBEC is one of the most reliable methods to estimate body composition from infancy through childhood and adolescence to adulthood, but is relatively expensive and dif®cult to move and therefore not suitable for ®eld studies. However its good reproducibility, precision and accuracy justify the use of TOBEC as a reference method. 26 ± 30 TOBEC has been demonstrated to give very similar results to the dual-energy X-ray absorptiometry (DXA), which has been used in Pietrobelli's study. In a study by Ellis, different body composition measurement methods, such as bioelectrical impedance analysis (BIA), bioelectrical impedance spectroscopy (BIS) and dual-energy X-ray absorptiometry (DXA) and TOBEC have been compared: a high correlation between the TOBEC method (r 0.918 for BIA, r 0.95 for DXA), and one to another has been shown. 31 Therefore we suggest that comparison between different methods of body composition measurement is certainly possible, but caution is needed when integrating different measurements into one study.
A rather interesting result is the fact that the multiple regression analysis in this study showed a unsatisfactory correlation to PBF for children and adolescents aged 10 y or older. PBF was explained by the BMI with a variance of only 27 or 38% males and females, respectively. This emphasizes the strongly variable association of body fat and BMI until the age of 10.
The precision of direct fat measurements for the quanti®cation of body fat and therefore the correct classi®cation of the degree of obesity in an individual patient is a very important information for the evaluation of risk factors such as hypertension, cholesterol, etc, and the detection of obesity in the individual patient.
Conclusion
The BMI seems to be a useful parameter for epidemiological studies using sex-and age-speci®c BMI cut-offs for the approximate classi®cation on the degree of obesity. As the BMI does not allow a quanti®cation of body fat and the reliability of the fatness association in the individual pediatric patient is restricted, we do not recommend BMI for the monitoring of treatment in obese children.
